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Abstract 
Zinc doped tin oxide (Zn-doped SnO2) with three dimension (3D) cubic structure has been successfully grown on top of ZnO thin film. In 
this research, ZnO thin films prepared by rf magnetron sputtering and cubic structure of Zn-doped SnO2 developed by immersion method 
at low temperature are reported.  The effects Zn doping concentration at (0 to 5 at.%) on the Zn-doped SnO2  were studied to form cubic 
structure. The performance of humidity sensor was tested using current-voltage (I-V) measurement (Keithley 2400) in a controlled 
chamber. The structural characterization was performed using field emission scanning electron microscopy (FESEM).  The sensor 
performance at 5 % doping concentration was found to be highly sensitive and can be used as humidity sensor. The size of cubic structure 
decreases with the increase in doping concentration.   
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Nomenclature 
RH% Relative humidity percentage 
 S Sensitivity  
aR  Resistance of the sensor in air  
rhR  Resistance of the sensor in the different RH%  
at.% Doping concentration 
nm  Nanometre  
V Voltage 
mL Mililitre  
°C Degree celsius 
1. Introduction 
Performance of a sensor were always been an issue by major problems such as contamination, short life time, hysteresis 
and restricted to certain temperature and humidity [1-2]. There were various factors that influence the performance of sensor 
including morphology of structure as surface reaction, material as the medium of sensing and process preparation. 
Commonly, many researchers reported on one-dimensional (1D) nanostructures to fabricate devices structure for sensor 
application. However, three-dimensional (3D) nanostructure has received a positive observation among researchers for 
beneficial in physical and chemical properties [3].   Numerous materials were used as humidity sensor such as SnO2 [4], 
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ZnO [5] and TiO2 [6]. The sensing performance of sensor material can be improved by doing some modification by doping 
with metal such as Al-doped ZnO[7], Ce doped SnO2[8] and Pd doped SnO2 [9]. The improvement of the sensor could be 
increased by two or more components of material [1].  Many researchers reported on composite ZnO-SnO2 for gas sensor, 
but less for humidity sensor. These two materials were widely used for sensor due to their superior sensor properties.  
Various preparations for Zn-doped SnO2 include sol-gel [10], sputtering [11], and hydrothermal [12].  In this research Zn 
was the minority carrier and Sn was the majority carrier.  Due to the advantages of SnO2 in terms of sensing properties the 
detection of reducing gases was based on a reaction between the semiconductor and the gas ambient which produces 
conductance changes in the conductivity of the semiconductor. 
This was first time work that had been reported. The synthesis of ZnSnO3 cubic structure for humidity sensor by 
hydrothermal method with size of cubes were about 200-400 nm [13]. The objective of our work was to study the effect of 
Zn doping concentration on the properties of Zn-doped SnO2 that growth on ZnO catalyst by sol-gel immersion method for 
humidity sensor applications.  
2. Methodology 
ZnO thin films were deposited on glass substrates by radio frequency (RF) magnetron sputtering using SNTEK model. 
ZnO with high purity (99.999%) was used as target. Then, a sol-gel solution was prepared to deposit on top of ZnO thin film 
The experimental detail of the sol-gel solution preparation were explained; 0.02M tin(IV) chloride pentahydrate 
(SnCl4.H2O)  (sigma-Al drich 98%) used as precursor and 1.3M sodium hydroxide (NaOH) (R&M Chemical) as 
mineralizer. SnCl4 and NaOH were stirred in 50 mL deionised (DI) water respectively for 10 minutes. Then, SnCl solution 
was taken and slowly dropped into NaOH solution under magnetic stirring. The amounts of dopant source, ZnCl2 were 
controlled to achieve 0, 1.5, 3, 4, and 5 at% doping concentration in the SnO2 solutions under stirring. Then, the solution 
was sonicated by ultrasonic for 10 minutes at 50°C to obtain white solution. Lastly, the white solution was transferred into 
containers that contain the sample of ZnO thin film. Then, the containers were immersed inside the water bath with 95°C DI 
water inside for 6 hours. After deposition of Zn-doped SnO2 cubic structure, the final products were washed in distilled 
water and dried sample at 100°C for 10 minutes after deposition. Finally, the samples were annealed in the furnace at 500°C 
for 1hour.  
Sensor performances were measured using 2 probe I-V measurement (Keithley 2400) to study sensitivity, repeatability 
and stability inside a humidity chamber (ESPEC SH-261). The temperature was set at room temperature (25°C) while 
relative humidity (RH%) was varied in the range 40 to 90 RH%. The humidity sensitivity measurements were conducted for 
the fabricated device with Au as the metal contact. The metal contact was used to attract or transmit the signal efficiently 
from the thin film to external circuit at humidity atmosphere. The surface morphology of Zn-doped SnO2 cubic structure 
was characterized using FESEM (JEOL JSM 6701F). The thickness was measured using VEECO/Dektak 150+.  
3. Results and discussions 
Fig. 1(a) and 1(b) shows current versus voltage (I-V) graph of Zn-doped SnO2 cubic structure thin films for Zn doping 
concentration at 1.5 at.% and 5 at.% respectively at different RH%. It can be seen that the current intensity increase with the 
increasing of RH% due to more water vapour has been absorbed by Zn-doped SnO2 cubic structure. The current flows with 
less resistance due to the existence of the water vapour thus more current can pass through the sample as the RH% increase. 
The value sensitivity was calculated by using following equation (1) [1]: 
                                            
rh
a
R
RS
                                                                   
(1) 
Where S is sensitivity, aR  is resistance of the sensor in air, and rhR  is resistance in the different RH%. Fig 1(c) indicates 
undoped SnO2 and Zn-doped SnO2 cubic structure thin films were linearly sensitive to humidity range (40-90%RH). From 
the graph, it can be seen that the sample with 5 at.% doping concentration Zn-doped SnO2 cubic structure show the higher 
sensitivity  with at low RH%  R40RH%= 4.16x107  is 22.5 times than R90RH% = 1.85x 106  at high RH%  while the 
undoped SnO2 thin films exhibit the lowest sensitivity. The inert graph in Fig 1(c) show the average sensitivity of undoped 
SnO2 and Zn-doped SnO2 cubic structure thin films increase as the Zn at.% doping concentration increase. The sensors 
exhibit 0.35 RH%-1 for average sensitivity for 5 at.% doping concentration Zn-doped SnO2 cubic structured. The slope of 
the sensitivity versus relative humidity depends on the changes of current.  This shows that Zn-doped SnO2 cubic structure 
materials have the ability to absorb water vapour from the surroundings. It shows that Zn-doped SnO2 cubic structure can 
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increase the sensitivity of the humidity sensor [14-15]. More changes of the current resulted in much bigger slope. This was 
due to high surface area of Zn-doped SnO2 cubic structure. Fig 1(d) shows Zn-doped SnO2 cubic structure  
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Fig. 1. I-V plot of  (a)1.5 at.% and (b) 5 at.%   doping concentration Zn-doped SnO2 cubic structure at different RH%  (c)  sensitivity  measurement of 
undoped SnO2 and Zn-doped SnO2 cubic structure thin films , (d) stability measurement of Zn-doped SnO2 cubic structure thin films measured at 90 RH%  
with 1V applied for every two hours and (e) repeatability measurement measured at 90 RH%  with 1V applied for 4 cycles for all sample. 
(a) (b) 
(c) (d) 
(e) 
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thin films were good in stability which there were almost no changes of resistance during the measurement at 90 RH%  
condition for every two hours with supplied voltage 1 V. Fig 1(e) shows the repeatability of the sensor at 90 RH% at 1 V 
supplied voltage for 4 cycles. All sample show the repeatability characteristics which they have ability to reproduce the 
initial current during the humidity was high (90 RH%) and low (40 RH%). At high humidity (90 RH%)condition, the 
current of the samples increased rapidly  when exposed to water vapour and then steadily reached at relatively stable value. 
When samples were exposed to dry air condition (40RH%), the current abruptly decreased and rapidly reached a relative 
stable value. 
 
 
  
 
 
 
Fig. 2. FESEM image of  (a)ZnO catalyst ,  (b) 0 at.% ,(c) 1.5 at.%, (d) 4 at.%  and (e) 5 at.%  doping concentration of Zn-doped SnO2 cubic structure. 
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Fig. 2 (a) show the FESEM image of ZnO catalyst prepared by RF magnetron sputtering with size structure around 75-85 
nm. The undoped SnO2 ( 0 at.% doping concentration of Zn-doped SnO2)  particle structures as shown in Fig. 2(b).  Fig. 2(c) 
show Zn-doped SnO2 cubic structure and aggregation of amorphous nanoparticles of 1.5 at.% doping concentration with size 
of cubic structure 270 nm. Fig. 2 (d) and (e) show cubic structures of 4 at.% and 5 at.% doping concentration Zn-doped 
SnO2 with size of cubic structure 134nm and 107nm respectively. The sizes of cube decrease as the doping concentration of 
Zn increase. 
ZnO thin film acts as the template for the growth of Zn-doped SnO2 cubic structure sol-gel solution. There were random 
aggregations of amorphous nanoparticles growth on the cube surface for all molar ratios as shown in Fig. 2 (b), (c) and (d). 
The aggregation of amorphous nanoparticles occurs due to surface tension and surface to-volume to ratio (Ostwald ripening 
law) [16-17]. The cubic structures were forming during the colloid particle that dissolves in DI water. The cubes crystallites 
size increase by the combination nanoparticles and the reaction temperature [18-19]. Due to the high surface area, 5 at.% 
doping concentration Zn-doped SnO2 cubic structure performing the highest sensitivity to humidity since the cubic 
structured were the smallest due to the amount of oxygen vacancies and highly surface area lead to the increase in 
sensitivity due to more site area to absorb the water vapor [20]. 
Fig. 3(a) shows the surface morphology of 5 at.% doping concentration Zn-doped SnO2 cubic structure. Fig. 3(b) shows 
the energy dispersive X-ray spectrum (EDS) of the cubic structure for 5 at.% doping concentration Zn-doped SnO2. The 
peaks show the element that has been detected from the sample confirming that the presence of Zn, Sn and oxygen in thin 
film. 
 
 
  
 
 
 
 
 
 
 
 
 
Fig. 3 (a) The surface morphology and (b) the EDS result of 5 at.%  doping concentration of Zn-doped SnO2 cubic structure. 
4. Conclusions 
Zn-doped SnO2 cubic structures have been successfully deposited by using sol-gel immersion method on top of ZnO catalyst 
deposited by RF magnetron sputtering. From the I-V measurement, the current intensity increases proportionally with 
humidity due to existence of water vapour helps the current to flow. The sensitivity properties of 5 at.% doping 
concentration Zn-doped SnO2 humidity sensor performs the highest at due to the higher surface area. Therefore, it is suitable 
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for humidity sensor. The size of cubic structures Zn-doped SnO2 reduces as the addition of Zn doping concentration 
increase.  From the FESEM images, the size of the cubic structured of 5 at.% doping concentration Zn-doped SnO2 was 
smaller compared to other parameters.  
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